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IMAGE FORMING APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to an image forming apparatus 

used as a printer, and more particularly, to a lifespan 
management method for a plurality of components contained 
replaceably in an image forming apparatus* 

2 . Description o f the Related Art 

^ 10 An image forming apparatus is a printing device, which 

Ji; performs printing by exposing an image to be printed onto an 

photosensitive drum, developing said image by adherence of toner, 
^ and then transferring the visible image to printing paper and 

L fixing the image thereon. Moreover, in the case of color printing, 

^ 15 the respective steps described above are carried out for four 
toners of different colors, namely, Y (yellow), M (magenta), 
ul C (cyan) and K (black). 

The aforementioned exposure and developing steps are 
carried out by means of a print unit installed replaceably in 
20 the image forming apparatus. This print unit comprises a 
photosensitive drum, and the like, and hence is a consumable 
part. Therefore, the lifespan thereof is managed, and when it 
reaches the end of its lifespan, the print unit must be replaced. 
Moreover, similar lifespan management is necessary for other 
25 consumable parts (or components), such as toner cartridges 
contained inside the print unit, the fixing device and belts 
located outside the print unit, and the like. 
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Convent ionally, the lifespan of a component, such as a print 
unit, is managed by means of lifespan management information, 
such as a lifespan print copy number or lifespan time period, 
or the like, for each component, stored in a non-volatile memory 
(for example, an EEPR0M, ) in the image forming apparatus. 
Thereupon, when the number of printed copies reaches the 
lifespan number of copies, or when the operating time reaches 
the lifespan time period, a replacement indicator is displayed 
on the operating panel of the image forming apparatus, thereby 
prompting the user to replace the print unit. 

Fig. 12 is a diagram for describing conventional lifespan 
management information for a component, as stored in a non- 
volatile memory. In Fig. 12, the non-volatile memory comprises 
lifespan management regions, namely: a total print number count 
region (1) ; a Y color print unit (PU) print number count region 
(2)-l; an M color PU print number count region (2) -2; a C color 
PU print number count region (2) -3; a K color PU print number 
count region (2) -4; a Y color toner cartridge (TC) print number 
count region ( 2 ) -5 ; an M color TC print number count region ( 2 ) -6 ; 
a C color TC print number count region (2) -7; a K color TC print 
number count region (2) -8; a fixing unit print number count 
region (2) -9; a belt print number count region (2) -10; and a 
respective color (Y, M, C, K) print position compensation value 
management region ( 3 ) . 

Each print number count region {2 ) comprises an upper region 
and N lower regions. Each of the lower regions is, for example, 
a region which counts from 0 to 10 , 000 copies , and when the number 



of printed copies reaches 10,000, for instance, the count value 
of the lower region is reset to zero, whilst the count value 
of the upper region (including a back-up region) is incremented 
by +1 . In other words, the count value of the upper region counts 
5 the 10,000 column, for instance. Moreover, the count up to 10,000 
copies is performed in any one of the lower regions, and when 
the count value in that lower region reaches 10,000 copies, the 
adjacent lower region counts the next 10,000 copies. In this 
way, each time a count of 10,000 copies is made in one of the 

10 lower regions, the lower region performing the count is changed, 
in a successive fashion, in this way, in a non-volatile memory 
(EEPROM) which can only provide a rewriteable count value of 
the order of 10,000, it is possible to perform counts to a higher 
number than 10,000. 

15 Furthermore, the lifespan copy numbers corresponding to 

each component are stored in a separate region of the EEPROM 
or a separate memory (ROM) , or the like, and each time the number 
of printed copies corresponding to each component is counted, 
it is compared with the respective lifespan copy numbers. 

20 However, by providing a plurality of lower regions, it 

becomes necessary to provide, for example, approximately 
several 10 bytes of memory for each print number count region 
(2). Therefore, since the non-volatile memory of the image 
forming apparatus comprises respective print number count 

25 regions (2) for each of a plurality of components, in total, 
a memory capacity of approximately several 100 to 1,000 bytes 
is required. Minimizing the size of the non-volatile memory 
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contained in an image forming apparatus would contribute to 
achieving cost reduction for the image forming apparatus. 

SUMMARY OF THE INVENTION 
5 Therefore, it is an object of the present invention to 

provide an image forming apparatus , wherein the lifespan of 
components can be managed by means of a non-volatile memory of 
the smallest possible capacity. 

In order to achieve the aforementioned object, the image 

10 forming apparatus according to the present invention is, for 
example, an image forming apparatus replaceably containing a 
plurality of components; comprising: a non-volatile memory for 
storing a total print copy number (or total print time) updated 
each time a prescribed number of print copies are made (or each 

15 time a prescribed printing time period has elapsed), and a 
subsequent replacement schedule copy number (or replacement 
schedule time period) for each component; and a controller for 
judging the lifespan of each component on the basis of a 
comparison between the total print copy number (or total print 

20 time) and the subsequent replacement schedule copy number (or 
replacement schedule time period) of each component. 

According to the present composition, a lifespan copy number 
(or lifespan time period) previously determined for each 
component is added to the replacement schedule copy number (or 

25 replacement schedule time period) for each respective component 
contained in an image forming apparatus, in other words, the 
total print number (or total printing time) at which the 
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component is replaced, and the resulting value is stored in a 
non-volatile memory. If the total print number (or total print 
time) has exceeded the replacement schedule copy number (or 
replacement schedule time period), then it is judged that the 
5 lifespan of the component has expired, in this way, since the 
amount of information required for managing the lifespan of 
components is reduced, it is possible to reduce the capacity 
of the non-volatile memory, and hence reduction in the cost of 
the image forming apparatus can be achieved. 
^ 10 When a component is replaced, the replacement schedule copy 

li: number (or replacement schedule time period) for that component, 

as stored in the aforementioned non-volatile memory, is updated 
« by adding the previously determined lifespan copy number (or 

!L lifespan time period) for that component to the total print 

^ 15 number (or total printing time) at which the component was 
If replaced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram illustrating an example of the internal 
20 composition of an image forming apparatus in an embodiment of 
the present invention; 

Fig. 2 is a diagram illustrating a single print unit 20Y; 
Fig. 3 is a control block diagram of an image forming 
apparatus in an embodiment of the present invention; 
25 Fig. 4 is a diagram illustrating a method for counting the 

total print number; 

Fig. 5 is a diagram illustrating the relationship between 
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the total print number and the lower region selected; 

Fig. 6 is a diagram for explaining lifespan management 
information in an embodiment of the present invention; 

Fig. 7 is a diagram illustrating a method for counting a 
5 replacement schedule copy number; 

Fig. 8 is a flowchart of print processing in an embodiment 
of the present invention; 

Fig. 9 is a flowchart of total print number update 
processing; 

10 Fig. 10 is a flowchart of lifespan check processing; 

Fig. 11 is a flowchart of replacement schedule copy number 
rewrite processing; and 

Fig. 12 is a diagram illustrating conventional lifespan 
management information . 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Below, embodiments of the present invention are described. 
However, the technical scope of the present invention is not 
limited to these embodiments. 

20 Fig. 1 is a diagram illustrating an image forming apparatus 

according to the present embodiment. This image forming 
apparatus 10 is constituted by a full-color printer. The image 
forming apparatus 10 has a frame 12, which comprises a top cover 
14 and a rear cover (not illustrated). Fig. 1 shows a state 

25 wherein the top cover 14 is opened slightly with respect to the 
frame 12. By opening the top cover 14 and/or the rear cover, 
it is possible to access the inner components of the image forming 
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apparatus 10 (for example , the print unit). 

In Fig. 1, the image forming apparatus 10 comprises four 
print units 2 OB, 20C, 20M, 20Y aligned in a linear fashion. An 
endless printing paper conveyor belt 22 is provided with respect 
5 to the four print units 2 0B f 20C, 20M, 20Y. The printing paper 
conveyor belt 22 is made from a suitable synthetic resin material , 
and it passes around the circumferences of four rollers 24a f 
24b, 24c and 24d. Roller 24a is a drive roller, which also 
functions as an AC charge removing roller for removing 

10 electrical charge from the printing paper conveyor belt 22. 
Roller 24b is an idle roller, which also functions as a charging 
roller for applying electrical charge to the printing paper 
conveyor belt 22. Rollers 24c and 24d are both guide rollers. 
Roller 24d is a tension roller for applying suitable tension 

15 to the printing paper conveyor belt 22. 

A hopper 26 is provided beneath the printing paper conveyor 
belt 22. A stack of printing paper P is stored in a hopper 26. 
The printing paper P is pulled out from the hopper 26, one sheet 
at a time, by a pick-up roller 28, and conveyed to the printing 

20 paper conveyor belt 22 by a paper feed roller 30. The printing 
paper P is then transferred by the printing paper conveyor belt 
22 to the print units 2 0B, 20C, 20M, 20Y, where it is printed 
or marked. The printed paper P is then conveyed to a fixing unit 
32, and subsequently discharged via appropriate guide rollers 

25 (not illustrated) to a stacker formed on the upper face of the 
top cover 14. 

Since the printing paper conveyor belt 22 is charged by the 
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idle roller 24b, the printing paper P is attracted to, and held 
on, the printing paper conveyor belt 22, electrostatically, when 
it is introduced onto the printing paper conveyor belt 22 from 
side adjacent to the idle roller 24b. Thereby, the printing paper 
P is held in a uniform position on the printing paper conveyor 
belt 22. On the other hand, since the drive roller 24a also 
functions as a charge removing roller, when the printing paper 
P passes the position of the drive roller 24a, the electrical 
charge is removed and the printing paper P can be separated 
readily from the printing paper conveyor belt 22 when discharged 
on the side adjacent to the driver roller 24a, without wrapping 
around into the lower portion of travel of the printing paper 
conveyor belt 22. 

The four print units 20Y, 20M, 20C, 20B each respectively 
have the same structure, and respectively contain developers 
having a yellow toner component, a magenta toner component, a 
cyan toner component, and a black toner component. Consequently, 
these print units 20Y, 20M, 20C, 20B respectively print a yellow 
toner image, magenta toner image, cyan toner image and black 
toner image onto the printing paper P held and moved by the 
printing paper conveyor belt 22, and in combination, they form 
a full-color toner image. 

Fig. 2 is a diagram illustrating one print unit 20Y. The 
print unit 20Y comprises a photosensitive drum 36, a pre- 
charging unit 38, an optical head (LED beam scanner) 40, a 
developer 42, a transfer roller 44, and a toner cleaning unit 
46. 
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The pre-charging unit 38 is constituted, for example, by 
a brush charging unit, roller charging unit, or corona charging 
unit, and by means of this pre-charging unit 38, a uniform 
electrical charge is imparted successively to the surface of 
5 the photosensitive drum 36. The optical head 40 is disposed to 
the rear of the pre-charging unit 38 and it writes an 
electrostatic latent image onto the charged region of the 
photosensitive drum 36, by means of an LED beam. In other words, 
the LED beam flashes on and off on the basis of image data obtained 
■p* 10 from a computer, word processor, or the like, and thereby, an 
£ electrostatic latent image is written onto the drum in the form 

of a dot image. 

/; The electrostatic latent image written onto the 

^ photosensitive drum 36 is developed electrostatically in the 

% 15 form of a charged toner image, by means of toner of the prescribed 
color in the developer unit 42. Thereupon, the electrostatic 
"pi toner image is transferred electrostatically onto the printing 

paper P by means of a transfer element 44 positioned below the 
photosensitive drum 36. The transfer element 44 is constituted 
20 by a conductive transfer roller made from a porous body ( sponge) . 
This transfer element 44 presses against the photosensitive drum 
36 via the printing paper conveyor belt 22, and it supplies an 
electrical charge of reverse polarity to the charged toner image, 
onto the printing paper P conveyed by the printing paper conveyor 
25 belt 22, thereby causing the charged toner image on the 
photosensitive drum 36 to be transferred electrostatically onto 
the printing paper 36. 
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The printing paper P onto which the electrostatic toner 
image has been transferred is then separated from the printing 
paper conveyor belt 22 and fed to a fixing unit 32 . Incidentally, 
after completion of image transfer to the printing paper P, there 
5 remains toner adhering to the surface of the photosensitive drum 
36 which has not been transferred to the printing paper P. This 
residual toner is removed by means of a toner cleaning unit 46. 
The residual toner thus removed is recovered by means of a 
conveyor screw and hose mechanism (not illustrated). 

10 When the developing unit 42 is installed in the device, the 

surface of the developing roller 52, in other words, the sleeve 
thereof, confronts the surface of the body carrying the 
electrostatic latent image on the photosensitive drum 36. The 
lower portion of the print unit 20Y forms a developer storage 

15 region, and a reset roller 54 is provided therein. The reset 
roller 54 is driven and rotated in the direction indicated by 
the arrow in the diagram, when the developing unit 42 operates. 
The reset roller 54 recovers developer which has not been 
supplied completely to the photosensitive drum 36 and remains 

20 on the developer roller 52. 

Moreover, by rotation of the developer roller 52, the 
developer is conveyed to the surface region confronting the 
photosensitive drum 36, in other words, the developing region. 
In order to restrict the amount of developer conveyed to the 

25 developer region by the developer roller 52 to a prescribed 
amount, a developer restricting blade (not illustrated) is 
attached in a position opposing the developer roller 52. 
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In the developing unit 42, if, for example, the toner is 
charged with a negative electrical charge, then a uniform 
negative charge region is formed on the rotating surface of the 
photosensitive drum 36 by means of the pre-charging unit 38. 
5 When the pre-charged region of the photosensitive drum 36 is 
illuminated by the LED beam emitted by the optical head 40, the 
negative electrical charge is removed from the points that are 
illuminated, thereby forming potential differences. In other 
words , an electrostatic latent image is written onto the charged 

10 region of the photosensitive drum 36, in the form of potential 
differences. For example, supposing that the electrical 
potential of the charged region of the photosensitive drum 36 
is -600V, the electrical potential of the electrostatic latent 
image would be reduced to approximately -50V. On the other hand, 

15 a negative developing bias voltage of -400V, for example, is 
applied to the developer roller 52, and hence an electric field 
is created between the developer roller 52 and the 
photosensitive drum 36. Due to the electric field between the 
developer roller 52 and the photosensitive drum 36, the 

20 negatively charged toner moves towards the photosensitive drum 
36, and adheres to the photosensitive drum 36, thereby 
developing the image. 

Consequently, as illustrated in Fig. 1, by introducing the 
printing paper P into the printing region from the region of 

25 the idle roller 24b of the belt conveying means 22, and then 
passing it successively by the print units 20Y, 20M, 20C and 
2 0B, toner images of four colors are superimposed mutually on 
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the printing paper P, thereby forming a full-color image. The 
printing paper P is subsequently transferred from the drive 
roller 24 a side of the belt conveying means 20 towards the fixing 
roller 32 formed by a heating roller, whereby the color image 
5 is fixed by heating to the printing paper P • 

The optical head 40 is attached to the top cover 14. 
Furthermore, the printing paper conveyor belt 22 and the rollers 
24a - 24d are formed integrally as a belt unit, and the transfer 
element 44 is attached to this belt unit. 

10 Fig. 3 is a control block diagram of the image forming 

apparatus according to an embodiment of the present invention. 
In Fig. 3 f the MPU 101 of the main unit control circuit 100 of 
the image forming apparatus 10 reads out a program and data stored 
in a ROM 102, and controls each section of the device in 

15 accordance with the aforementioned program. For example, the 
MPU 101 controls operations such as reading and writing to the 
RAM 103 , reading and writing to the EEPROM 104 , reading of sensors 
(not illustrated), motor driving, communication with a panel 
control unit 110 via a communications circuit 107, and the like. 

20 An operating panel 111 is connected to the panel control unit 
110 . The RAM 103 stores data required when executing the program. 

The EEPROM 104 is a non-volatile memory for storing data 
written even when the power switch is OFF. In the embodiment 
of the present invention, it stores data such as lifespan 

25 management information, and the like, for the components. A 
motor control circuit 105 drives a supply motor, drum motor and 
cooling fan, on the basis of the control implemented by MPU 101. 



12 



Under the control of the MPU 101 , an output port 106 controls 
on/off switching of a high-voltage power supply 109 for 
supplying high voltage in order to perform operations, such as 
pre-charging, developing, transfer, and the like, in the print 
5 unit 20, and it also controls on/off switching of the optical 
head 40 and the fixing unit 32. A plurality of sensors connected 
to the sensor input circuit 108 (not illustrated) detect 
information such as the presence or absence of printing paper, 
the passage of printing paper on the printing paper conveyance 

10 path, opening and closing of the cover, removal of a print unit 
20, the temperature of the fixing unit 32, and the like. 

Fig. 4 is a diagram illustrating a method for counting the 
total number of print copies. In Fig. 4, symbol M is the number 
counted in a lower region, and it may be any value that is smaller 

15 than the rewriteable control value of the EEPROM, for instance, 
10000. Moreover, the symbol N is the number of lower regions, 
which is, for instance, 16. The following processing steps are 
carried out, each time one printed copy is counted. 

( 1 ) A lower region is selected according to the remainder 
20 resulting when the upper region 1 for the total print number 

count is divided by N. 

( 2 ) The selected lower region is incremented by +1 . 

(3) It is determined whether or not the count value of the 
selected lower region is M, and if it has indeed reached M, then 

25 the value of that lower region is reset to '0', and the upper 
regions 1, 2, 3 are incremented by +1. 

Fig. 5 is a diagram illustrating the relationship between 
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the total number of printed copies and the lower region selected. 
As shown in the diagram, by means of the processing described 
above, when the number of printed copies is 0 to M-l, lower region 
0 is selected, when it is between M and Mx2-1, lower region 1 
5 is selected, and when it is between Mx(N-l) and MxN-1, lower 
region N-l is selected. Moreover, once M x N copies has been 
reached, the count returns again to lower region 0. 

Returning to Fig. 4, Fig. 4(a) illustrates an initial state 
where the total number of printed copies is zero. The count value 
10 in the upper regions 1,2,3 (upper regions 2 and 3 being back-up 
fK regions ) is ' 0 1 , and the count value in the lower region 0 is 

'Zj also '0'. Fig. 4(b) shows a state where the total number of 

%2 printed copies is 1. Here, the upper region 1 is 1 0 1 , and ■ 1' 

has been counted in the lower region 0. Fig. 4(c) shows a state 
15 where the total number of printed copies is M-l. Here, the upper 
hi region 1 is still ' 0 * , and the count of the lower region 0 is 

"5J 'M-l' . Fig. 4(d) shows a state where the total number of printed 

copies is M. Since the count value of the lower region has reached 
M, upper regions 1, 2, 3 count 1 1', and the lower region 0 is 
20 reset to 'O'. Fig. 4(e) shows a state where the total number 
of printed copies is M x n-1. The lower region selected in this 
state is the lower region N-l corresponding to the result N-l 
obtained when the total print number of M x n-1 is divided by 
M. Therefore, the count value of the upper regions is 'N-l' and 
25 the count value of the lower region N-l is ■M-l 1 . Fig. 4(f) shows 
a state where the total number of printed copies is M x n. The 
count value of the upper regions counts up to f N' and the lower 
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region N-l is reset to 0. 

Fig. 6 is a diagram for describing lifespan management 
information in an embodiment of the present invention. In Fig. 
6, the non-volatile memory (EEPROM) 104 comprises a lifespan 
5 management region, consisting of a subsequent replacement 
schedule copy number region (4) for each component and a total 
print number count region (1), and a compensation value 
management region ( 3 ) . The total print number count region ( 1 ) 
depicted here is similar to the composition in the total printed 

10 copy number count region (1) shown in Fig. 12. In other words , 
the total print number count region (1) comprises upper regions 
1, 2, 3 and N lower regions 1 to N-l. The upper regions 2, 3 
in the total print number count region (1) are back-up regions. 
Moreover, in the diagram, the subsequent replacement schedule 

15 copy number regions (4)-l to 10 for various components, such 
as the Y color print unit (PU) , M color PU, C color PU, K color 
PU, Y color toner cartridge (TC) , M color TC, C color TC, K color 
TC, fixing unit, belt, and the like, each respectively comprise 
upper regions 1, 2 and lower regions 1, 2. In each case, the 

20 upper region 2 and lower region 2 are back-up regions . 

The copy number scheduled for next replacement of a 
component is written into the respective replacement schedule 
copy number region (4) . For example, if the lifespan copy number 
of a print unit is 30,000 copies, initially, since the total 

25 printed copy number is '0', the value 1 30000 1 is written into 
the PU replacement schedule copy number region. Thereupon, when 
the total printed copy number reaches 30,000, it is judged that 
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the lifespan of the print unit has expired. Subsequently, when 
the print unit has been replaced, the total printed copy number 
at the time of replacement is added to the replacement schedule 
copy number for the print unit, and the resulting value (for 
5 example, if the print unit is exchanged at 30,100 copies, then 
30,100 + 30,000 = '60,100') is overwritten as the subsequent 
replacement schedule copy number. Thereupon, when the total 
printed copy number reaches 60,100, it is again judged that the 
lifespan of the print unit has expired. 

10 In this way, in the present embodiment, in place of the print 

number count region (2) having a relatively large volume, a 
replacement schedule copy number region (4) having a relatively 
small volume is used. More specifically, whereas a conventional 
lifespan management region for each component might use, for 

15 example, 19 unit regions of 16 byte capacity, in the present 
embodiment, only four such regions are required. A 'unit region' 
is a general term for an individual upper region or lower region. 
Consequently, since the capacity of the EEPROM used to record 
lifespan management information can be reduced, this 

20 contributes to reducing the cost of an image forming apparatus. 

The lifespan management method adopted in the present 
embodiment is now described in more detail. 

Fig. 7 is a diagram describing a count method for a 
replacement schedule copy number. Fig. 7(a) shows an initial 

25 state where the total print number is zero. Here, the total print 
number is f 0' . Moreover, taking the lifespan copy number of the 
toner cartridge (TC) as 'Y', and the lifespan copy number of 
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the print unit (PU) as 'Z' , the value resulting from adding 'Y' 
to the total print number ' 0' , namely, ' Y ' , is set in the toner 
cartridge replacement schedule copy number region, and the value 
resulting from adding 1 Z 1 to the total print number 1 0 f f namely, 
5 ? Z' , is set in the replacement schedule copy number region of 
the print unit. 

Fig. 7(b) shows a state where the total print number is 1, 
and Fig. 7(c) shows a state where the total print number is X, 
which is a smaller value than 'Y' or ' Z' . Fig. 7(d) shows a state 

10 where the total print number has reached Y. In this state, a 
toner cartridge replacement indicator is displayed on the 
operating panel . 

Fig. 7(e) is a diagram showing a state where the toner 
cartridge has been replaced. Since the toner cartridge is 

15 replaced when the total print number is Y + a, the value ('Y 
+ cc' + 1 Y 1 ) is overwritten in the replacement schedule copy number 
region for the toner cartridge. Moreover, Fig. 7(f) is a diagram 
showing a state where the print unit has been replaced. If the 
print unit is replaced, when the total print number is 1 Z + p' , 

20 which exceeds the lifespan copy number of the print unit, then 
the value ('Z + p 1 + ? Z') is overwritten in the replacement 
schedule copy number region for the print unit. 

Fig. 8 is a flowchart of print processing in an embodiment 
of the present invention. When the power supply is turned on, 

25 firstly, at step S101, the main unit control circuit 100 is 
initialized (reset) . At step S102, check tests are carried out 
for the ROM 102 and RAM 103. Thereupon, at step Si 03, a test 
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of the EEPROM 104 in the main unit control circuit 100 is carried 
out. At step S104, initial processing is executed. Initial 
processing involves processing such as rotating the motor and 
supplying high- voltage power to the print unit 20. 
5 Upon receipt of a print request from the host device at step 

S105, it is determined, at step S106, whether the device is 
already engaged in print processing, in other words, whether 
or not continuous printing is to be performed. If continuous 
printing is not involved, then at step S107, print start-up 
10 processing is implemented. In print start-up processing, for 

;.J3 example, the print unit 20 is driven and the fixing unit 32 is 

fp heated up. 

M At step S108, a sheet of paper is picked up from the paper 

,C supply unit. When the paper has started to travel at step S109, 

© 15 update processing is carried out for the total print number in 
fy the EEPROM 104 of the main unit control device 100, at step S110. 

2 Thereupon, at step Sill, lifespan check processing is carried 

out. Details of total print number update processing and 
lifespan check processing are described below. 
20 At step S112, if there is a further print request, then steps 

S105 to Sill described above are repeated. If there is no print 
request at step S112, then the printing operation terminates 
at step S113. 

Fig. 9 is a flowchart of update processing for the total 
25 print number. At step S201 , firstly, the value of the upper region 
of the total print number count region is divided by the number 
of lower regions N, and the remainder from this calculation is 
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taken as A. At step S202, the Ath lower region is selected and 
the count value of this region is set as B. At step S203, the 
count value B is incremented by +1 . At step S204, it is judged 
whether the +1 incremented count value B is greater than the 
5 upper count limit M for the lower region (for example, 10,000) . 
If the value is less than M, then at step S209, the +1 incremented 
count value B is written into the Ath lower region. If the value 
is equal to or above M, then at step S205, the count value B 
in the Ath lower region is reset to ' 0 1 , and the value A is 

10 incremented by +1. At step S206, it is determined whether the 
+1 incremented value A is equal to or greater than the number 
N of lower regions. If the value is less than N, then the adjacent 
A+lth lower region is selected. At step S209, the +1 incremented 
count value B is written into the Ath lower region. If the value 

15 is equal to or above B, then at step S207, value A is reset to 
• 0 f , whilst the count value of the upper region is incremented 
by +1. Thereupon, at step S209, the +1 incremented count value 
B is written into the Ath lower region. 

By means of this update processing, each time that one of 

20 the lower regions counts up to its upper count limit, the lower 
region counting the print number is shifted to the adjacent lower 
region. Moreover, if the lower region is shifted, then the count 
value of the upper region is also incremented. 

Fig. 10 is a flowchart of lifespan check processing. The 

25 components may be subjected to the lifespan check processing 
described below, in any desired sequence. At step S301, firstly, 
the lifespan of the Y color print unit (PU) is checked. In other 
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words , it is determined whether or not the total print number 
has reached the Y color PU replacement schedule copy number. 
If the replacement schedule copy number has been reached, then 
at step S3 02, the Y color PU replacement request flag is set 
5 to ■ 1 ' , and a replacement indicator is displayed on the operating 
panel. If the total print number is less than the replacement 
schedule copy number, then at step S303, the lifespan of the 
Y color toner cartridge (TC) contained in the Y color PU is 
checked. In other words, it is judged whether or not the total 
^ 10 print number has reached the Y color TC replacement schedule 
J;* copy number. If the replacement schedule copy number has been 

reached, then at step S304, the Y color TC replacement request 
y flag is set to ' 1 ' , and a replacement indicator is displayed 

^ on the operating panel. If the total print number is less than 

% 15 the replacement schedule number, then lifespan check processing 
similar to that described above is carried out respectively for 
£j the M color, C color and K color print units (steps S305 to S308) . 

When a print unit is replaced, since the toner cartridge is also 
replaced together with the print unit, it is not necessary to 
20 carry out a toner cartridge lifespan check, when the print unit 
replacement request flag is set. 

Following the print units and toner cartridges, lifespan 
check processing is conducted in a similar fashion for the fixing 
unit (steps S309, S310), whereupon lifespan check processing 
25 for the belt (steps S311, S312) is carried out. 

Fig. 11 is a flowchart of replacement schedule copy number 
rewrite processing. This processing sequence is carried out when 
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a component is replaced. Fig. 11 is a flowchart of PU replacement 
schedule copy number rewrite processing corresponding to 
replacement of a print unit (PU) , for example. At steps S401 
and S402, the Y color PU replacement request flag and the Y color 
5 TC replacement request flag are respectively reset to 1 0 1 . 
Thereby, the replacement indicator displayed on the operating 
panel is cancelled. At step S403, the count value C in the upper 
region of the total print number count region at the time of 
the replacement is read out, along with the count value D in 

10 the lower region thereof. At step S404, the print unit lifespan 
copy number is added to the count value C, D at the time of 
replacement. Specifically, of the lifespan copy number, the 
value of the columns exceeding the upper count limit M is added 
to count value C (the resulting value being called value E), 

15 and the value of the columns equal to or lower than the upper 
count value M are added to count value D (the resulting value 
being called value F) . For example, if the lifespan copy number 
of a print unit is 35,000 and the upper count limit M of the 
lower region is 10,000, then E == C + 3, and F = D + 5000. 

20 At step S405, it is determined whether or not value F is 

equal to or greater than the upper count limit M. If it is equal 
to or greater than M, then at step S406, value E is incremented 
by +1, and value F is reduced by value M. If value E is less 
than value M, then the sequence proceeds to step S407. At step 

25 S407, it is determined that value E is a value corresponding 
to the upper region of the replacement schedule copy number for 
the Y color PU, and that value F is a value corresponding to 
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the lower region thereof , these values being written to the 
corresponding regions of the EEPROM 104. Moreover, processing 
similar to that described above is also carried out with respect 
to the Y color TC replacement schedule copy number. In other 
5 words, by adding the Y color lifespan copy number to the total 
print number values C, D at the time of replacement, a count 
value G corresponding to the upper region of the subsequent Y 
color TC replacement schedule copy number and a count value H 
corresponding to the lower region thereof are determined and 

10 written into the EEPROM 104 (step S408 to S412). Moreover, 
processing similar to that described above is also carried out 
with respect to the M color, C color and K color print units 
and toner cartridges, and the fixing unit and belt* 

In the present embodiment of the invention, each time that 

15 a print is made, the count value of the EEPROM 104 is updated 
by +1, but it is also possible to update the count value by more 
than one, each time a certain number of prints have been made. 

Moreover, in the present embodiment of the invention, the 
lifespan of each component is judged on the basis of the number 

20 of printed copies, but instead of this, it is also possible to 
judge lifespan on the basis of printing time. Specifically, it 
is possible to use 'total printing time' and 'replacement 
schedule time' in place of 'total print number 1 and 'replacement 
schedule copy number 1 . The scheduled replacement time is 

25 obtained by adding a lifespan time period previously determined 
for each component, to the total printing time at the point of 
replacement. Thereupon, the total printing time is updated after 



22 



each passage of a prescribed printing time period, and the 
lifespan of each component is judged. The prescribed printing 
time period may be, for example, the period of time taken by 
the photosensitive drum to rotate through a prescribed angle. 
5 The relationship between the print number and printing time 

is virtually proportional, but this proportional relationship 
varies with the size of the printing paper. This is because the 
printing time for a single sheet of paper varies with the size 
of the paper. Consequently, in an image forming apparatus 

10 capable of printing onto a plurality of paper sizes, it is 
possible to achieve more accurate lifespan judgement using print 
number, than lifespan judgement based on printing time. 

Furthermore, lifespan judgement based on print number and 
lifespan judgement based on printing time may also be used in 

15 parallel. In this case, it is possible to adopt a system, whereby 
a replacement indicator is displayed on the operating panel if 
either method indicates that a component lifespan has been 
reached, or a replacement indicator is displayed on the 
operating panel if both methods indicate that a lifespan has 

20 been reached. 

The scope of the present invention is not limited to the 
embodiment described above, and it also extends to the 
inventions described in the claims and equivalents to same. 
According to the present invention described above, a 

25 lifespan copy number (lifespan time period) previously 
determined for each component is added to the replacement 
schedule copy number (replacement schedule time) of respective 
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components contained in an image forming apparatus, in other 
words the total print number (total print time) at the time of 
replacement of a component, and the resulting value is recorded 
in a non- volatile memory ♦ Thereupon, it is judged that a 
5 component lifespan has expired, each time that the total print 
number (total print time) exceeds the replacement schedule copy 
number (replacement schedule time period). Thereby, since the 
amount of information required for component lifespan 
management is small, the capacity of the non-volatile memory 
10 can be reduced, and hence cost reductions in the image forming 
apparatus can be achieved. 
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What Is Claimed Is; 



1. An image forming apparatus replaceably containing 
a plurality of components; comprising: 

5 a non-volatile memory for storing a total print copy 

number updated each time a prescribed number of print copies 
are made, and a subsequent replacement schedule copy number for 
each component; and 

a controller for judging the lifespan of each 
10 component on the basis of a comparison between said total print 
copy number and said subsequent replacement schedule copy number 
of each component. 

2. The image forming apparatus according to claim 1, 
15 wherein, when one of the components is replaced, the subsequent 

replacement schedule copy number for said component as stored 
in said non-volatile memory is updated to a value obtained by 
adding a lifespan copy number previously determined for said 
component to the total print copy number at the time of 
20 replacement . 

3 . An image forming apparatus replaceably containing 
a plurality of components; comprising: 

a non-volatile memory for storing a total printing 
25 time updated each time a prescribed printing time period has 
elapsed, and a subsequent replacement schedule time period for 
each component; and 
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a controller for judging the lifespan of each 
component on the basis of a comparison between said total 
printing time and said subsequent replacement schedule time 
period of each component. 

5 

4. The image forming apparatus according to claim 3, 
wherein, when one of the components is replaced , the subsequent 
replacement schedule time period for said component as stored 
in said non-volatile memory is updated to a value obtained by 

10 adding a lifespan time period previously determined for said 
component to the total printing time at the time of replacement. 

5. The image forming apparatus according to claim 1, 
wherein said component is a print unit, a toner cartridge, a 

15 fixing unit, or a belt. 

6. The image forming apparatus according to claim 3, 
wherein said component is a print unit, a toner cartridge, a 
fixing unit, or a belt. 
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ABSTRACT 



In a image forming apparatus, a lifespan copy number 
(lifespan time period) previously determined for each component 
5 is added to the replacement schedule copy number (replacement 
schedule time) of respective components contained in the 
apparatus, in other words the total print number (total print 
time) at the time of replacement of a component, and the resulting 
value is recorded in a non-volatile memory. Therefore, it is 

10 judged that a component lifespan has expired, each time that 
the total print number (total print time) exceeds the 
replacement schedule copy number (replacement schedule time 
period) . Thereby, since the amount of information required for 
component lifespan management is small, the capacity of the 

15 non-volatile memory can be reduced, and hence cost reductions 
in the image forming apparatus can be achieved. 
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See list of attorneys and/or agents on page 5. 



Send Correspondence to: 

ARMSTRONG, WESTERMAN, HATTORI, 

McLELAND & NAUGHTON 
1725 K Street, N.W., Suite 1000 
Washington, D.C. 20006 



Direct Telephone Calls to: (name and telephone number) 



Teiephone: {202) 659-2930 Fax: (202} 887-0357 





Fuli name of sole or first tnventor 

Takeo KOJIMA ■; 






inventor's signature £s ^ — 


Date 

05/09/2000 




Residence ' v 

Kawasaki, Japan 




mm 


Citizenship 

Japan 






Post Office Address 

c/o FUJITSU LIMITED, 1 


-1 , Kamikodanake. 




4,-chome, Nakahara-ku, 


Kawasaki, 




211-8588 Japan 






Fuii name of second joint inventor, if any 

Yoshihiro WATAMBE 






Second inventor's signature t i 

* Yciihihiro u)aWI^ 


Date 

05/09/2000 




Residence 






Kawasaki, Japan 




mm 


Citizenship 

Japan 






Post Office Address 

c/o FUJITSU LIMITED, 1 


-1 , Kamikodanaka 




,4-chome , Nakahara-ku, 
211-8588 Japan 


Kawasaki, 



<3f— IU%<Ojt?(sl5&E9f^-tC-Ol^T of^I^iCaS^L. S££r"t" (Supply similar information and signature for third and subsequent 
& w h ) joint inventors.) 
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Full name of third joint inventor, if any 

Fumihiro ITOH 










Third inventor's signature „ 


Date 

05/09/2000 








Residence 

Kawasaki , Japan 






E3IF 




Citizenship 

Japan 










Post Office Address 

c/o FUJITSU LIMITED, 


1-1, Kamikodanakc , 








4-chome , Nakahara-ku, 
211-8588 Japan 


Kawasaki , 








Full name of fourth joint Inventor, rf any 




II- B 






Fourth inventor's signature 


Date 








Residence 










Citizenship 




5S 






Post Office Address 














Futt name of fifth joint inventor, if any 










Fifth Inventor's signature 


Date 








Residence 










Citizenship 










Post Office Address 














Fuff name of sixth joint inventor, if any 










Sixth Inventor's signature 


Date 








Residence 










Citizenship 










Post Office Address 
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List of attorneys and/or agents 



James E. Armstrong, IE, Reg. No. 18,366; William F. Westerman, Reg. No. 29,988; Ken-Ichi 
Hattori, Reg. No. 32,861 ; Le-Nhung McLeiand, Reg. No. 31 ,541 ; Ronald F. Naughton, 
Reg. No. 24,616; John R. Pegan, Reg. No. 18,069; William G. Kratz, Jr., Reg. No. 
22,631; James P. Welch, Reg. No. 17,379; Albert Tockman, Reg. No. 19,722; Mel 
R. Quintos, Reg. No. 31,898; Donald W. Hanson, Reg. No. 27,133; Stephen G. 
Adrian, Reg. No. 32,878; William L. Brooks, Reg. No. 34,129; John F. Carney, Reg. 
No. 20,276; Edward F. Welsh, Reg. No. 22,455; Patrick D. Muir, Reg. No. 37,403; 
Gay A. Spahn, Reg. No. 34,978; John P. Kong, Reg. No. 40,054; and Luke A. Kilyk, 
Reg. No. 33,251. 
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